Nine proteins accumulate in nuclei of arginine-deprived herpes simplex virusinfected cells. Of these, eight were found to bind to double-stranded DNA-cellulose and to elute with o'3 and o.6 M-KC1, while one of 1600o0 tool. wt. had no affinity for the DNA. Five of the DNA-binding proteins were identified as virus enzymes: two were DNA polymerases, two were alkaline DNases and one was the thymidine kinase.
INTRODUCTION
and Powell & Pufifoy (I976) reported that 17 polypeptides are synthesized in both herpes simplex virus (HSV) type I-and type 2-infected cells which have the ability to bind to DNA. The DNA-binding proteins probably include the virus-coded enzymes and proteins involved in the replication of the virus DNA, as well as those proteins involved in the assembly of virus DNA into nucleocapsids. In an attempt to differentiate between processes involved in DNA replication and virus assembly, arginine deprivation of HSV,infected BSC-I cells has been used (Becker et al. I967, 1978; Olshevsky & Becker, 1976) . In the absence of arginine in the medium, the synthesis of virus DNA is not affected, but the transport of the virus structural proteins from the cytoplasm to the nucleus is aborted and virus assembly is prevented. Nine proteins were shown to migrate to the nuclei of HSV-infected arginine-deprived cells by Olshevsky & Becket (I976) .
In the present study, use was made of double-stranded (ds)DNA-celluIose columns (Alberts & Herrick, I97I; PowelI & Purifoy, I976; Fridlender et al. 1978a, b) to further identify the proteins and enzymes present in the nuclei of HSV-infected BSC-I cells. Eight proteins, labelled with 35S-methionine, which have the ability to bind to dsDNA, were isolated from the nuclei of arginine-deprived cells.
METHODS

Virus and cells.
The HF strain of HSV type t was used to infect BSC-I cells in argininedeficient medium as previously described (Olshevsky & Becker, I976; Becker et al. I978) . The cells were infected with the virus at an m.o.i, of to and incubated for I2 h at 37 °C in arginine-deficient medium. In some experiments the infected ceils were labelled with 35S-methionine in the absence of methionine in the medium. At I2 h post-infection (p.i.) the cells were harvested and the nuclei isolated by a modification of the technique of Powell & Purifoy (I976), as previously described by Fridlender et al. (I978a, b) .
Chromatography andsucrose gradient analysis. The nuclear extracts were chromatographed on dsDNA-cellulose columns; DNA-bound proteins were eluted with different KC1 concentrations and analysed for DNA polymerase activity (Fridlender et al. I978a, b) . Thymidine kinase (TK; Summers et al. I975 ) and alkaline DNase (Weissbach et al. I973) activities were also tested. Eluates from the dsDNA-cellulose columns were centrifuged in Io to 2o ~ (w/v) sucrose gradients prepared in a buffer containing 20 mM-tris-HCl, pH 8-0, 50 mM-KC1, I mM-EDTA, I mM-2-mercaptoethanol and Ioo #g/ml of bovine serum albumin.
Polyacrylamide gel electrophoresis. The labelled polypeptides were analysed on slab gels (Laemmli, 197o ) and the tool. wt. of each polypeptide was determined using myosin (210000 mol. wt.), heavy chain IgG (55oo0), ovalbumin (47ooo), pepsin (35000) and light chain IgG (25 ooo) as markers.
RESULTS
Virus DNA polymerase from nuclei of arginine-deprived HS V-infected cells
Extracts of nuclei from HSV-infected, arginine-deprived BSC-I cells yield, by chromatography on dsDNA-cellulose columns, a DNA polymerase which elutes from the column with o'3 M-KC1 (Fig. la) . The DNA polymerase is highly sensitive to phosphonoacetic acid (PAA), a property of the HSV-coded DNA polymerase. The enzyme was also isolated from HSV-infected, hydroxyurea-treated cells (Rosenkranz & Becker, I973, Fig. Ib) , indicating that synthesis of the virus DNA polymerase is an early virus function. The DNA polymerase from nuclei of treated infected cells also eluted with o-6 M-KC1, whereas only a small amount of the DNA polymerase from the nuclei of infected arginine-deprived cells eluted from the column with o-6 M-KC1. The reason for this difference is not known.
The DNA polymerase present in the o'3 M-KC1 eluate in Fig. I (a) was centrifuged in sucrose gradients and assayed by incubation with activated calf thymus DNA. In the presence of 25o mM-KC1, a homogeneous band of DNA polymerase activity was obtained, whereas at IO mM-KC1 hardly any DNA polymerase activity was detectable, a property of the virus DNA polymerase (Fridlender et al. I978a, b) . The DNA polymerases from the o'3 M-and o'6 M-KCI eluates resembled each other in their sedimentation properties, as was previously shown with defective HSV (Becket et al. t979) . The DNA polymerases which eluted with o'3 M-and o'6 M-KC1 were found to have an optimal requirement for 25o mM-KCI and were sensitive to parahydroxymercuribenzoate (PHMB) and to N-ethylymaleimide (NEM) (results not shown). It was concluded that nuclei of argininedeprived HSV-infected BSC-I cells contain a DNA polymerase which binds to dsDNA and can be eluted with both 0"3 M-and o-6 M-KCI. This DNA polymerase has the properties of the HSV-coded enzyme.
Chromatography of TK and alkaline DNase on dsDNA-eellulose columns
The ability of the TK and alkaline DNase present in infected nuclei to bind to dsDNA was tested. Extracts from HSV-infected, arginine-deprived BSC-I cells were chromatographed on dsDNA-cellulose columns (Fig. 2) . The DNA polymerase eluted with o'3 M-KCl together with both the TK and alkaline DNase (Fig. 2a) . The DNase and TK activities were also found in the o'I5 M-KCI eluate, as well as in the low salt solution used to wash the column after loading of the nuclear extracts. Chromatography of the same extracts on a cellulose column lacking dsDNA (Fig zb) revealed that TK can bind to cellulose. However, most of the TK activity was washed from the cellulose column by the low salt solution and o-I5 M-KC1. Thus, the TK activity which eluted with o'3 M-KC1 represents TK enzyme molecules that were bound to the dsDNA in the column. It was, therefore, concluded that the 0"3 M-KCI eluate from the dsDNA-cellulose column contains at least three enzymes.
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Chromatography of labelled proteins from arginine-deprived nuclei on dsDNA-cellulose columns
To allow the DNA-binding proteins to be analysed further, nuclear extracts of argininedeprived, HSV-infected BSC-I cells labelled with 35S-methionine were chromatographed on dsDNA-cellulose columns. Some of the 35S-methionine-labelled proteins eluted with 0"3 M-KC1 as well as with o'I5 M-and 0.6 M-KC1 and the remainder did not bind to the An extract chromatographed on a cellulose column without dsDNA was assayed for TK activity. The TK and DNase reactions in vitro have been detailed elsewhere (Becker et al. 1979) . dsDNA on the column (Fig. 3a) . DNA polymerase activity was found in the 0"3 M-KC1 eluate (Fig. 3a) . The proteins which eluted with 0"3 M-KC1 were centrifuged in a sucrose gradient under conditions which allow the isolation of the virus DNA polymerase (Fridlender et al. I978a, b) . DNA polymerase activity was found in the region of I4OOOO to I5oooo mol. wt. with another peak in the 70000 tool. wt. region of the gradient (Fig. 3b) The 35S-methionine-labelled proteins were distributed in four major bands and four_to five minor bands. Most of the labelled proteins were found at the top of the gradient. It is interesting that the amount of zSS-methionine label in the region of DNA polymerase activity is low compared with the other major bands. The major sSS-methionine-labelled proteins which band at the top of the gradient (Fig. 3b) were found to co-sediment with the TK and DNase enzymes which eluted with 0"3 M-KC1 (results now shown). Proteins with tool. wt. 4oo0o or less accumulate in this region of the gradient. As a control, two preparations of zsS-methionine-labelled purified virions were disrupted by treatment with sodium deoxycholate (under conditions that completely disrupt the virions; the virus DNA was removed with DNase) and chromatographed on dsDNA cellulose columns (Fig. 4a, b) . Most of the proteins (about 66 ~ in Fig. 4a and 75 Analysis of DNA-binding 35S-methionine-labelled proteins was also done after reversal of arginine deprivation. Arginine and asS-methionine were added to infected cells deprived of arginine for I5 h. The cells were further incubated for 3 h, harvested and the nuclear extracts were chromatographed on dsDNA-cellulose columns (Fig. 5a) . Most of the 35S-methionine-labelled proteins eluted with o. 3 M-KC1, together with the virus DNA polymerase. Centrifugation of the o'3 M-KCI eluate in a sucrose gradient (Fig. 5b) in the presence of arginine were distributed throughout the gradient. At the position of the virus DNA polymerase (i5oooo mol. wt.) a very small band of labelled proteins was seen (Fig. 5 b) .
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Polyacrylamide gel electrophoresis (PAGE) of the DNA-binding 35 S-methionine-labelled proteins
The 35S-methionine-labelled proteins extracted from the nuclei of arginine-deprived cells were analysed by electrophoresis in polyacrylamide slab gels. The nuclear extracts were found to contain the same nine proteins identified by Olshevsky & Becker (t 976) in argininedeprived cells. Eight of the nine proteins which eluted from dsDNA-cellulose columns with both o'3 M-and o.6 M-KC1 (Table I) can be defined as DNA-binding proteins. One protein of mol. wt. 16oooo did not bind to dsDNA and was found in the wash fluid of the column.
DISCUSSION
The present study was concerned with the DNA-binding proteins present in the nuclei of cells infected with HSV in the absence of arginine. Out of nine proteins previously identified in the nuclei of arginine-deprived cells (Olshevsky & Becker, t976) , eight were found to bind to dsDNA-cellulose and elute with o'3 M-and o'6 M-KCI. One protein of mol. wt. 160 0oo did not bind to the column. The eight 35S-methionine-labelled DNA-binding proteins included the DNA polymerase (mol. wt. 7oo00 and I4OOOO to I5oooo), the TK (4oooo) and the DNase (4oooo and 27ooo) -see Table I . The enzyme activities tentatively assigned to the different polypeptides are based on the results of the present study, as well as on previously published data (Becker et al. I979) .
These three enzymes, which are induced by the virus in HSV-infected cells (Weissbach et al. I973; Summers et al. I975; Powell & Purifoy, I977; Becker et al. r979 ) have now been shown to migrate to the nucleus even in the absence of arginine. It is possible to assume that other proteins are also involved in the biosynthesis of virus DNA, but their properties must await further study.
The DNA polymerase which eluted from dsDNA-cellulose columns was identified as the virus-coded enzyme, since it was sensitive to PAA, required 25o mM-KC1 for activity, was inactive at Io mM-KC1 and was inhibited by PHMB and NEM. In contrast, the cellular DNA polymerases ~ and fl are resistant to PAA, and the DNA polymerase ~, which has the same sedimentation properties as the virus DNA polymerase, is inhibited by 250 mM-KCI (Fridlender et al. I978b; Becker et al. I979) . The cellular DNA polymerase/? was not detected in the preparations of the virus DNA polymerase.
It is impossible to determine conclusively whether the TK and DNase which also eluted with o'3 M-and o'6 M-KCI do not contain cellular TK and alkaline DNase enzymes as contaminants. However, the increase in these two enzymic activities, as opposed to the low TK and DNase activities found in uninfected cells, indicate that they are induced as a direct result of the virus infection.
The use of arginine deprivation has made it possible to differentiate between the proteins involved in virus DNA replication and those required for encapsidation of virus DNA and virion formation. In the arginine-deprived nuclei, eight DNA-binding proteins were identified, whereas in nuclei infected with HSV in complete medium, I6 to I7 DNA-binding proteins have been found (Bayliss et al. I975; Powell & Purifoy, I976) . It may be possible to conclude that eight DNA-binding proteins are involved in DNA replication, whereas the remaining proteins are involved in the processes that lead to the assembly of the virus DNA into virions.
